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51361201 : MAJOR : PHARMACEUTICAL SCIENCES
KEY WORDS : PECTIN/HYDROPHOBICALLY MODIFIED PECTIN/CHEMICAL
MODIFICATION
KAMONRAK CHEEWATANAKORNKOOL : SYNTHESIS AND CHARACTE-
RIZATION OF PECTIN-DEOXYCHOLIC ACID CONJUGATES. THESIS ADVISORS
ASSOC. PROF. PORNSAK SRIAMORNSAK, Ph.D., AND ASST. PROF. SATHIT NIRATISAI,
Ph.D. 124 pp.

Pectin, a water-soluble and non-toxic biopolymer, has been received more
attention as carrier for drug delivery. In this study, high methoxyl pectin (HMP) and low
methoxyl pectin (LMP) were hydrophobically modified by couping of deoxycholic acid (DOCA)
onto the pectin molecule. The hydrophobic segment was synthesized by cross-linking of
DOCA with ethylenediamine using 1-ethyl-3-(3-dimethyaminopropyl) carbodiimide
hydrochloride as cross-linker. The structure of N-deoxycholyl aminoethyl amide (DOC-
NH(CH,),)NH,) produced during the cross-linking reaction was characterized by Fourier
transform infrared spectrometry and proton and carbon nuclear magnetic resonance
spectroscopy. The pectin-deoxycholic acid conjugates (PDAC) were then prepared by
coupling DOC-NH(CH;);NH,onto the pectin molecules. The effect of the addition of N-
hydroxysuccinimide -on -the degree of substitution was also investigated. The structural
characteristics of the PDAC were confirmed by Fourier transform infrared spectrometry,
differential scanning calorimetry, hot stage microscopy and proton nuclear magnetic
resonance spectroscopy. The physical properties demonstrated higher pH and lower zeta
potential, compared to pectin. The surface-active properties of the modified pectins
demonstrated a lower surface tension than native pectin.The particle size and size distribution
showed a small difference between native and modified pectin. Morphology of PDAC was
observed by scanning electron microscopy, transmission electron microscopy and atomic force
microscopy. A decrease in polarity of the modified pectin was also confirmed by using
hydrophobic fluorescence marker. The stability of PDAC after 3-month storage was slightly
changed. The results demonstrated the success of structural modification of pectin by

chemical conjugation.

Program of Pharmaceutical Sciences Graduate School, Silpakorn University Academic Year 2010
Student’s signature ............cooeiiiiieiiinennnn.

Thesis Advisors’ signature L..........coooiiiiiiiiieeiin e, 2
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N L. Yang et al., “Amphiphilic cholesteryl grafted sodium alginate derivative: Synthesis and

self-assembly in aqueous solution,” Carbohydrate Polymers 68 (2007) : 218-225.

o v 4
Meenan 1
Y = v Aa 9 4‘ [ o a 9 d‘
myaauils ImRsudadiuaaromsyonaterynivendavesnoadinesoaing
1 o Y 4 aa v A ] [y o a o a 4
niilandumsvendanvesdaduariiuiuszodmoes laeld la laTaaien sans1u'lad lud
I 1 4 a a Aa
(N,N’-dicyclohexylcarbodiimide) tHua1sse¥euviauazinnse lawnaezi lu'lnsau -
I o T T Aaaa = % 7 A o o
(N,N"-dimethylamine) | pyridine)  1JUA 8T U501 asnaaduain laaeouiniue
TosiReudadiua¥eunUnolaainoIoa (cholesteryl grafted sodium alginate derivative) 1/fA381
ryl g g
{ A -4 ] o a v A 4 1 (% ] A 1
nRaTufonyaIsUenTaues Indendaliuadouasnuny lansongaveinomdnosoan U
@ o a o a o I~ 1
Wuszoanes laelilals Inaensanis 1u'lad lud (dicyclohexyl carbodiimide) tiuansye

9 1 A 1 ~
NITAULASVIVFOUAD (NINN 24)



28

NacOoC” Ho
Na0oC

Sodium Alginate

DCCIDMAP Neutralization
—_—
DMFIFA

] k4 ]
A 24 duaeunanlumsdunsigieyiusvesdaliuafouneniuneadaoion
(cholesteryl grafted sodium alginate derivative; CSAD)
n1: L. Yang et al., “Amphiphilic cholesteryl grafted sodium alginate derivative: Synthesis and

self-assembly in aqueous solution,” Carbohydrate Polymers 68 (2007) : 218-225.
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M L. Yang et al., “Amphiphilic cholesteryl grafted sodium alginate derivative: Synthesis and

self-assembly in aqueous solution,” Carbohydrate Polymers 68 (2007) : 218-225.
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N L. Yang et al., “Amphiphilic cholesteryl grafted sodium alginate derivative: Synthesis and

self-assembly in aqueous solution,” Carbohydrate Polymers 68 (2007) : 218-225.
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ML Yang et al., “Amphiphilic cholesteryl grafted sodium alginate derivative: Synthesis and

self-assembly in aqueous solution,” Carbohydrate Polymers 68 (2007) : 218-225.
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N L. Yang et al., “Amphiphilic cholesteryl grafted sodium alginate derivative: Synthesis and

self-assembly in aqueous solution,” Carbohydrate Polymers 68 (2007) : 218-225.
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41: L. Colinet et al, “New amphiphilic modified polysaccharides with original solution

behaviour in salt media,” Carbohydrate Polymers 75 (2009) : 454-462.
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41: L Colinet et al, “New amphiphilic modified polysaccharides with original solution

behaviour in salt media,” Carbohydrate Polymers 75 (2009) : 454-462.
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NINN 31 Iﬂﬁ\‘lff'iN‘VlNLﬂllﬂlﬂﬁllﬂ@]ullﬁgllﬂjﬁll‘ﬂfu
A41: P. Jimenez et al., “Antifungal protection and sizing of paper with chitosan salts and

cellulose ethers. Part 1. Physical effects,” Journal of the American Institute for Conservation 41

(2002) : 243-254.
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n: Y. Zhang et al., “Potential of amphiphilically modified low molecular weight chitosan as a
novel carrier for hydrophobic anticancer drug: Synthesis, characterization, micellization and

cytotoxicity evaluation,” Carbohydrate Polymers 77 (2009) : 231-238.
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‘ﬁll”l - Y. Zhang et al., “Potential of amphiphilically modified low molecular weight chitosan as a

novel carrier for hydrophobic anticancer drug: Synthesis, characterization, micellization and

cytotoxicity evaluation,” Carbohydrate Polymers 77 (2009) : 231-238.
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‘ﬁll”l - Y. Zhang et al., “Potential of amphiphilically modified low molecular weight chitosan as a

novel carrier for hydrophobic anticancer drug: Synthesis, characterization, micellization and

cytotoxicity evaluation,” Carbohydrate Polymers 77 (2009) : 231-238.
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W1 M. Huo et al, “Synthesis and characterization of low-toxic amphiphilic chitosan

derivatives and their application as micelle carrier for antitumor drug,” International Journal of

Pharmaceutics 394 (2010) : 162-173.

@ a a J a J qaj 9
mﬂﬂ‘wimwﬂTﬂ‘maummaaigmmuﬁmﬂmmuwmmmim@lu"lﬂimmuuaz

< a A A A 1 a o d?' A
PuponAa lalauwu (AMWN 36) nuIuleNyeenaal N IuIUN 0.95, 1.1-2.0 1ag
d! 1 (% d’d’ ) 1 1 a Y [T
3.0-3.4 ppm G]f\il,!,ﬁﬂxi’N"lﬂT@]LL"]ﬁJQﬂﬂﬂll‘]J3TﬂfJﬂ"IﬁLL‘VI‘LH/I‘VIﬁ1llﬁuﬂﬁy)ﬂ%uiuﬂﬁﬂﬁ18ﬂaﬂﬁ
Y @ a o 4 9 I a o ~
Llﬁ$Lﬁuﬁlﬂﬂ‘i/lill*ll’f)x‘lﬁﬁNﬁﬁﬂm“ﬂfIﬂVl"lﬂlﬂui’)i’)ﬂﬁﬁii’)llﬂaﬂ’f)ﬁllﬂIm!,“]fu‘]_li"lﬂaﬁiyﬂ]ﬂmﬂ

£ T @ 1 A o 1 1 a

3.5-4.2 ppm “]NLL?(@Q’J”I]lﬂTﬂLL"B‘L!QﬂﬂﬂL!ﬂJiTﬂﬂﬂquqﬂﬁﬂﬂﬁﬂﬁulﬁuﬂﬁyﬂ?Iﬂi’f)ﬂ%ﬂi]”lﬂﬂ”lﬁ

[ u’dyd FY % =\ A qaz’ 3’ ] :’ [ a 4
ﬁ\i!ﬂi"lgﬂui]\i]lﬂllﬂI@'ILL“]ﬂ!ﬂﬂLlﬂJill'ﬁll'U@WN%?]?JL!"IL&Q%llllGH@UuT@gUuﬁTﬂW@aLﬁJﬂﬁﬁTNTiﬂ



38

0 1 o Y @ A o & g’ ) v o 1 Y
uW'liJ'GIﬂTiuW'lﬂﬂl‘]ﬂﬂu@'JWHW@ﬂﬂ!ﬂUﬂ1a3a’lﬂu181ﬂﬁ1ﬂiﬂu1ﬁ\‘]Gluﬁﬂ’]'lgﬁ'ﬁagﬁﬁl@nﬂﬁ%‘i
Y

amindudlsznou

e H3 H4 H5 HE

Z

H2
ed
n ?1 P NH-CO-CH,
() iy
CH,- OH
0O
o o NH-CH,~(CH,),-CH,
T NH-CH,-(CH,),-CH,
NH " T \\ NH-CH,-(CH,),-CH,
CHy—(CHp)g—CH3
(b)
O—CHyCHZOH
CH,

-O-CH,-CH,-OH

—» -O-CH,-CH,-OH

0
OH o
NH . -O-CH,-CH,-OH
: H
CHy—(CHg)g—CHg
(C)

Y S

ppm7.5 70 65 6.0 50 45 40 35 3.0 25 2.0 15 1.0 05 0.0

A a a J a 4 @ 09.: 9
NINN 36 T‘]Jimummaﬂil,mmu@]miTmmummﬂfmimjmmim@m"lﬂimmuuazmi
[V 4 3 < a
oyt lalauwy; (a) arsasdulalausu b) wuesndalalauzu (OC) uaz (o)
a o =] Aa

msNa@mmmLauﬂﬂﬂ@aia“lﬂaﬂaahlﬂimmu (0GO)
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v Y
i 48 Taseadumaniivesnsaiia
nu: S, Mukhopadhyay and U. Maitra, “Chemistry and biology of bile acids,” Current Science

87 (2004) : 1666-1683.

v Y
M3199 6 wansahanazdwiavg leasendauuTuana

Fiiansatiia Ay laasenaa (OH)
ﬂﬁﬂﬁwﬁ%ﬁﬂﬂgugﬁ
- n3AlAan (cholic acid) C-3 C-7 C-12
- N5AN IUADDNT Inan (chenodeoxycholic acid) C-3 C-7 /
ﬂiﬂﬁwﬁ%ﬁﬂuﬁagﬁ
- N3AR00NT 1AAN (deoxycholic acid) C-3 / C-12
-n3Aa 1n1Aan (lithocholic acid) C-3 / /

W1 : 1. Koolman and K.H. Roehm, Color Atlas of Biochemistry (Stuttgart : George Thieme

Verlag, 2004), 315.
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1 msRiumsive

1. Acetone, analytical grade (lot no. 08121108, RCI Labscan Ltd., Thailand)

2. Cellulose tubular membrane, molecular weight cut off 6,000-8,000 (Cellu-Sep
T2®, Membrane Filtration Products Inc, U.S.A.)

3. Deoxycholic acid 99% (lot no. 1372788, Fluka Analytical, Italy)

4. Ethylenediamine (batch 056K0721, Sigma, U.S.A.)

v

Filter paper 110 mm (lot no. FO1671427, Whatman International Ltd., England)

6. Formamide (batch 0808223, Ajax Finechem, Australia)

7. N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (lot no. 037K07
53, Sigma, U.S.A.)

8. N,N-dimethylformamide (batch 0805347, Ajax Finechem, Australia)

9. N-hydroxysuccinimide (lot. A0266926, ACROS organic, U.S.A.)

10. Pectin classic (unstandardized) CU201, molecular weight 200,000 Da, degree of
esterification 68-76 % (lot n0.00501087, Herbstreith & Fox, Germany)

11. Pectin classic (unstandardized) CU701, molecular weight 70,000 Da, degree of
esterification 32-38 % (lot n0.00412079, Herbstreith & Fox, Germany)

12. Potassium bromide for IR-spectroscopy (lot B0351607905)

13. Silica gel 60 F_,, for column chromatography (0.04-0.06 mm) (lot no. TA15225

254

85844, Merck KGaA, Germany)
14. Sodium sulphate (lot no. A0041849909, Merck KGaA, Germany)
15. Tetrahydrofuran (lot no. T2061-1-251, OREC, New Zealand)

16. Thin layer chromatography silica gel 60 F,,, aluminium sheet 20x20 cm (lot no.

HX814564, Merck KGa.A, Germany)
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4 ¢a av
2. insesilonazgunsainldlumsive

1.
2.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Atomic force microscope (Multimode VIII, Veeco Asia Pte Ltd, Singapore)
Cappillary tube vi1a 2 luTnsans

Differential scanning calorimetry (Pyris Sapphire DSC, Perkin-Elmer, Japan)
Drop shape instrument B frame system (FTA 1000, First Ten Angstrom, U.S.A.)
Fourier transform infrared spectroscopy (4700, Thermo Nicolet, Japan)

Hot stage (FP82HT, Mettler-Toledo, Switzerland)

Hot air oven (UT-6060, Hareus, Germany)

Laser scattering particle size distribution analyzer (LA-950, Horiba Ltd., Japan)
Optical microscope (CX41RT, Olympus Corporation, Japan)

Nuclear magnetic resonance spectroscopy (ADVANCE 300, Bruker, Germany)
pH meter (HI4522, Hanna Instruments, Hungary )

Rotary evaporator (Rotavapor R-205, Biichi, Switzerland)

Round bottom flask Y1419 50, 100 tiag 250 Hadans

Scanning electron microscope (Maxim-2000, CamScan Analytical, England)
Spectrofluorophotometer (RF-1501, Shimadzu, Japan)

Separatory funnel YH1® 500 LLag 1000 Hanans

Top loading balance (CP2246, Sartorius, Germany)

Transmission electron microscope (JEM-1230, JOEL Corporation, Japan)
UV-cabinet (ENF-260C/FE, Spectronic Corporation, U.S.A.)

Vacuum freeze dryer (Freezone 2.5, Labconco Corporation, U.S.A.)

Zeta potential analyzer (Zeta plus, Brookhaven, U.S.A.)



55

3. 35AuHuUMSIVY
(Y] v Aa A d (Y] d d' Y
3.1 mydanilsinssadsveunnfunazmsiigaritendnyalvesansila
[ 9 a 1 [ =) = a [ as
madauils TassasvounnauTasasiuninfesnd Inan lago1doonau Ia
I~ Y] 4 [~ Qsl’ [ dy
103U (ethylenediamine) tHuauFou Tasutiuilu 2 Tuneu Agil
=~ < = = a a a 4
311 MsaTeuduAeend lnaasyd Iuenate lud  (N-deoxycholyl-
aminoethyl amide 130 DOC-NH(CH,),NH,)
= S A = a a a 4 Yas A o
MaasoudUAponT Inaaozi luenaw e 1913 naaulauiain
NUIVeUDS Hu azAale (Hu et al. 2008 : 220-227) lagnisazalgsnsnasend laan
% a a a a o a 4
(deoxycholic acid 138 DOCA) 5.0 n3utaz lawnaeiiluInsiawianis 1u'lad lud lalas
o [
Aae 134 (N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride %50 EDC) 10 n5u
A0 UealTu1AT 40 TadaAIFIAILANEUUANN 0 oerIwaIFoaud UNHAUNY Hoa

U

Aad = a 3 1 ad = 1 \ %
mmullma:uum"lﬂiuﬂ*smmmuamwmuiuammmmu"lmamuma DOCA M0 3:2 Wt

P
a =

Y Y o l J 09/ < o Y [ Y J Y
Glmmmuuazwaluﬂ"mu”lmmmu 3 Glf"JIlI\TWﬁ'ﬂllﬂ“]Jﬂu@]a'ﬂﬂna”I LLaaﬂaaﬂiwqmﬁﬂquu

Y

Y
[

MWNUNYINDI T8IUATY 48 ¥ T1e uendiiazaieoon IaedTnisnauannIuaL AN

-

q'./ a a  aa @ = @ I'd 4 a aaa g’ uszl o
nauilsunas 10 Nﬁﬁﬁ@]ﬁlm%ﬁﬂﬂNﬁ@]ﬂm“ﬂﬁgf?}ﬂﬂa@I§WBiMﬂiu1ﬁi 10 YaaanTH¥1 3 AN U
4

s
=

:;I d a o g o { 1 QSJ‘ o a
sunae lswosu llszmeTasdsmsnauaannuau hasn lahgiuaoui lnusgniau
Y Aam v = Jan Aa A I @ A
agTsaeau lasun InnslaeldFanieaviiaenin 0.040-0.063 Nadawasiuigninaei
9 4 o (] I o A ~ o 4
vagldnaTavlesunauumuealudasiaiy 1:9 Wuigmandeun uruaImmMsdansizd

DOC-NH(CH,),NH, tazm3si 1 uignt lnsduvuansasnini 49



a1508018 DOCA

a130¢018 EDC

AIVANQUHAN 0 BIFIEAITY A

UnTen 48 431

d' a 9
IINYUHYNYIDN

£

an =~ o ' gl < o
wﬂmamu"lm@uu NAUUIU 3 GIVJT?JQ iummum Lagn

HenAMaza1e 1ngIsNSNAUAANNAY

9 4
azaeasalena 1sWosy maslunsieuen

y_ 9
ANAIY

A

<

tenaiazale Ineg?

TAMINAUAAANNAY

Y a Yy

MmliuTgniaieisn

aauil 1asu Inns

A

y

msuansuu3gns

DOC-NH(CH,),NH,

AMNUA 49 LAUMNLEAINTFUATIZH DOC-NH(CH,),NH, azm3ih 1%u3gn

4

5

56



57

3.1.2 M31¥oy DOC-NH(CH,),NH, [dniumna

Sl
a

lumsIdetiimsaaudsTaseadnveunnau 2 siia Ao ¥uaNd

YSinamsunuiidaenjiomnesganitdosag 50 (high methoxyl pectin; HMP) wagyiaiil

0 . 4 '
ﬂilﬂmﬂﬁlmu‘ﬂﬂ?ﬂﬁﬂl@ﬁlﬂ@i@]”lﬂfﬂi@ﬂﬁ“’ 50 (low methoxyl pectin; LMP) ﬂTiL"’dIf’EJiJﬁi’J

[

DOC-NH(CH,),NH, fumnauiildlagld EDC 3auiuduleasenddndii lud (N-hydroxy

=\

succinimide %150 NHS) Tagazagais ludiiazaisaiudiay (a15190 7) tieesazaitelada
Y
NEUEITATAIUNNAUNUAITAZa g EDC 524N U NHS 910U UANa1582a18 DOC-

vy o A Ay v <
NH(CH,),NH, W3ouiisnuaasanainguigives neldussornialulasou ifuman 24

Y a v

o A o P2 Yy A 7Y A A
#2119 anaznouasnans g lagldosd Tau Aanaasamnalomniila lasisu Wisuen

F
o 9 ~

1 Y

DOC-NH(CHZ)ZNH2 ﬁmﬁ’o’og@’oﬂ ﬂi’muaz?ﬁqmma@zmi@uuaxmmﬂaimmmu 2 ﬂ%\i
2 A Ay Y A A v A o ¢ 9 v o a A oA A

’J"I\‘]PN‘VIQﬂlWQ‘JJW@WJ"I?Jﬂ‘L!LW’EﬂWﬁ"IiWaﬂﬂm""V]LWNLl,a8@]3‘1/]1@18?318’01.!‘1/]58‘1/]?1\1“4?1658“’18

I

A

o A o oduvy o o A o A
pon MNtuazaemIsKAaN N Idaretiinau visgasluge laes lagmneiinig leoz lada

Y v
lwinaulaenla ﬂuﬂmﬁu‘ﬂﬂ 1 Tua0unsy 4 921 mﬂuu"lﬂa ”lacmmsluumau

a

A Q Ja

Y A a Y o o Yy 9 an A <
VIAUNIUNHU fN miwammmwmumi"l,@az"l,acmumuﬂﬂvnummmmaaﬂum

meldganima WAAIT e TaTms NaaBed TR N sIREAT

M350 7 yiamsuazatiagaten lgnsideon Tesdnu DOC-NH(CH,),NH, i1 umnau

a1 aMazay
a 1 o o a J o
AR msazatenansznaes i luauaz lanavesun lug
DOC-NH(CH,),NH, laianosunlud
o o
EDC/NHS Wosu'lug

a d [y J a Y [
3.2 M3AgNBNANYAIVEY DOC-NH(CH,),NH, taztiwnaunsiunisaauis
Tassadamandl yazmsanMsiaduAsHaen
a 4 (Y J = a o aa ad [ dy
msngnilenanbaiiazMIAnIMsNaduasns o TagIsmsaase 1l
axda a 4 4
3.2.1. 35oudsusaanln InsaIntlyianiGesnsuanesy (Fourier transform
infrared spectroscopy #3® FT-IR) 111 DOC-NH(CH,),NH, tazinnauiiaaulsuiuanay
o = 4 = Y dy = o o o ) A
duTnumanFeuTus lud (KBr) auazideaduiluiiomednu ussgasganensn iuduaios

nandarilausinalaasedan (hydraulic press) AondAReLsa 5 duldaidauiu 20 3u1i 1h



58

LAUAI5A1061999NINYAADNOA UILNUAIDE1IN 1AATIA18YAATILAUAIDE19 110
1 4
NAFOUIATEI FT-IR dearsiuiusonlumsaunu 32 50U $29015aLn 400-4,000 cm’ 329
1 9 -1 |~ =1 [ a [
srerviaveya 1.928 cm fFsumeva/nniuyes DOC-NH(CH,),NH, uagmnauanauils

k4
AuannSuvesasdsdumnay anglumsiadisitoursusamalnInsalnTydayiSes

E4

nialesuiludsi
Number of scan 132
Resolution 14
Data spacing :1.928 cm’’
Final format : % transmittance
Correction : None
Background handling : Collect background before every sample

anaAa 4 a a
322 Afavmesisuneaaunuuiuaaestuns (differential  scanning
calorimetry #30 DSC) n15nadoudl10619 Iagldnisuzussquaziilla 2 ga dmivans
' 9
fedauazdmsudumiadads saansdaeg1ald Idiminlsyuna 2-3 Jadnsunendaila

] 14 4
dinauzussyneuind uATod DSC asmgurginadeulugasaninglumsiadiogeasi

[

FUANBULVTTY - ozgiiflonyiianaaeuivasiiuvewis
miinasdeds 12 A5
FINQUUYUNATOL
umgiliTudy £ 30 DALY A
qmwgﬁf?yuqa 1 250 DALY T
sanimamugangll ;10 esruwaFuadewd

a J y [
323 ’J%ﬂé}ﬂﬂi}aﬂiiﬁuﬁflﬁﬁ’m% (hot stage microscopy) IO UNANTS

A o ' Yy v A w 7
lﬂaﬂuuﬂa\i‘ﬂ’]\‘lﬂ'l'c’l.ﬂ'lwGU’E_]\?ﬁ']iﬁ'g’f]EJ’NfI’]EJGI,G]ﬂa@QﬂaﬂiiﬁuﬂﬁﬂﬂUQﬂﬂﬁma@@ﬁlﬁﬂiﬂﬂjqq

Y
% ]

@ ] 1 s A @ 3 1 o [ J
mimammmuuwuallamﬂaEJW‘UNmmﬂumuwummamazmﬂmmmﬁ

OAIMNIINNQUUYT 2 DIrraIBIaARIN
FINQUHYUNATDL
g uAY 30 DA KALTY A
9
gaUnYNaUYA £ 250 DA UBAITY T
~ L=
AU lumM U

FTYLISUNATDY ;1 MINAD 5 U



59

seezisulasunlas 1 amae 1w
an = a A a2 Jd a 4 .
3.2.4 35an Insa IndyHailnndesuuniuants 1 uus (nuclear magnetic
an/ a [V P %
resonance spectroscopy N30 NMR) Tagmsazareasasduaznandsaaniumsaaulls
@ [ A Aa o @ o A a Y a =~
AIVYINAL 10 uaaﬂﬁuiummazmwmuﬂmmuﬂﬂmaumammmiﬂu (deuterated
A v o A @ A 9 @ A a9 Y o
solvents) 1A9NNINIASANYNUUIZAUNUTITNADINITIA maazawmmﬂ% Wﬁ”lﬁmﬂi‘ﬂl‘ﬂﬁl
1 o (% o 9 d' a Y an a S J a
ﬂﬂﬁ’ﬁﬁzﬁ”IEJiE‘TﬁQhlﬂiuﬁﬂ@ﬂﬁWﬁi’]JLlWUHﬂi’fN’Jlﬂi”lzﬁﬂJﬂiﬁiﬂiﬁﬂuu’llﬂaﬂilmﬂm@ﬂ
4 4 a S a o = = [ a
L’iI%LLHH“ﬁLLﬁ%ﬂﬁU@UH’JLﬂaﬂiLLNﬂLu@ﬂliIC}fLmuGB mJawmﬂiﬂumaumﬂﬂmmmgwmu
A @ [ @ asx} 9 a =y ~ a
‘VIWn!ﬂﬁﬂml,‘ﬂiﬂ‘]Jﬁ’L‘]JﬂTliiJﬂJ@Qﬁ”IWN@]uLWﬂﬁuuagﬂiﬂﬂ’ﬂi’)ﬂ“]ﬂﬂaﬂ
a 4 a a ] a 4
3.2.5 Vlﬂﬁ’f)‘]JLLa8’JL?‘IST%‘WHTﬂiiJ”lmﬂJ’fNﬂiﬂﬂ”ll,LﬁﬂnIiuﬂ wyjmmamﬁmas
] o aa a a Aa A a 4 [ o
uazwgmiuaﬂwaﬂaﬁiziuiugaqamaaLWﬂmu IﬂEJgNﬂQ’J%ﬂTi’JLﬂiWTﬁ]”IﬂLﬂﬁ"WI”Ii‘]J

szinaay %”gam?m (United State Pharmacopiea; USP) VN 31 AT

’A o

a Jd a a ada as
InszHismnansanany Isin Tagdsuaszindauannisly
) a a aa =) sAq Y
UsP TagfunmilSinas 1 adaasvesaisazatoniasgiu laden laason laanldlunis
9 Y
Tnmsansuaieuminunsanwany 15in (CH,,0,) W1win 99.07 daanu

= [

a 4 =Y o gaa S w as
Annemlsnanmnaemmnes lag 55z inaanilaininasly
AN Y Y ]
USP a4l Famnau 200 daansy tufinAiivin azatonunnaudleiiinaulsianin
4 J o ' a = 2 a A 4
msvoulasenlad ausudunaiunnduazaterua vealluormausuainnes 3-4 vea
A P = 4 Y Y ¢ A4 o
sulnmsadiearsazarvuassi laden laason lesaanududu 0.2 uesuoa e duna
| [~ 1 y ] % a
asazanonlasuiludyunasnns e lddeune liiliowd duiinidsuas Taden Taasen
sAq Y < a A g a =
laanlFlums Inmsadlullsinasms Inmsasudu @uarsazareniasgiu ludon leason
lydganudiudu 0.2 uesuea 20 dadans wimasanal 15 I IANENTAZAIIATIIUNIA
a Yy 9 4 a A aa 1 =
laTasanesnanududu 0.2 uesuoa Usuias 20 Tadaas wdwudsuymelivua Tnnse
= 09!1 F2 = J Yy 9 4 =
anasearemsazarensgu ladey laason ladanududn 0.2 vesueaaulsingdwuy
Y o R 1 I an o J . . . o a
MU uduinauduawoutiladu Inmes (saponification titer) wazA1uimsniag
A aa 2 J Yy 9 J ]
1 daddasvesmisazarouiasgiulgaon leason leanandudu 0.2 vesuea #ldlu
Y
Unseraneutilinduneuminumyiumenda (-OCH,) 1111in 15.52 Jaaniu
3.3 MINATOUNAZANHIENTANIMEMNHAZMAANNENN

Y
dunnauaaudsunagouauUan1IemMenInLasMUAInIen 1INa9l



60

< ' a o v O Y Y v
3.3.1 ﬂ’ﬂﬁ\llﬂuﬂiﬂﬂ%ﬂﬂﬂﬁ%ﬁWﬂLWﬂﬁuﬂﬂlLﬂiﬂ’)ﬁllﬂﬂauﬂlﬁhﬂ’ﬂhl"lﬂﬁuu

9 3' @ [ J 3| J ~ a 9 ~ = A
I0YnY 2 Tﬂﬂlﬂ‘l’iuﬂ mmﬂmmﬂuﬂ‘mqumﬁguwm (25 ALK ALBYT) UUNNNALIND

o [} % 3,' Y a
m"lﬂwmmﬂumim@mmmm

k2

o <3| @ { a ] |
332 dnd Iihdan iflumsialszgniuAiduuenveseynia Inieiu

Q

faaThad Salaoldmsazaiediosnamnaunnuiududooas 2 Taoimiin auaisazais
Hudhmsazanenamdnd G Taeldanne s

ANMIZQUNYI £ 25 parraLT e

ANNAzIBAluMIIn : QA

UIUTOU 230 391

1 A [ 3 1 A 9 = 9 ~ ~
HEAINAAURAYIINNTTIA 30 ATILATAIANUIVYUUUVDIVDY A Uuﬂﬂﬂlﬂlﬁmﬂiﬂ‘ﬂmﬂﬂ
9
ssmnmﬁﬁqéfmwﬂmuuazmﬂ@uﬁmgﬂs
a 4 a o 1
333 LLN@QN’J (surface tension) ﬁ’)ﬂlﬂ?@ﬂ’)tﬂﬁwﬁgﬂﬁNﬂJf’N‘I{iEJWU?NL‘Hﬁ’J (drop
Y a Yy 9y 9y d o A&~

shape analyzer) Tagl¥asazaromnau aANuUnIuIooas 2 Tagiivingsunson lagazale

Y v
rwﬂmusluﬁmﬁuuazﬂumiazaweffmﬁui]u"lﬁ’miaga1ﬂﬁ ﬂWNW’?ﬂﬂWLLiQﬁQN’J

D @ 1 J
VHUIAVUAIDYN (199 18
ANz 125 DALY

< a aa 1A ~
ANULITINYATITAZAY 1 0.5 UaaaaIAvIUIMN

= 9/2’ M) [ =KX A a [ ~ [ :/I 9 a
Meunasgu lagldingu daussnsiiveannauaaullsmeuiuaIAIANNAL
334 YUIALAZNINIZNIOAIVDIVUIADYNA (size and size distribution) A2Y
A a 4 A o [ [ A o o 9
IAT09ANTIEHUUIARYNIANININU TageIderanMInInIzRedduawes laglsaisazaiy
Y v v v
AU ANt uIaaz 2 Tasihminguasen Tasazaromnauluihinduuazauaisazale
9 = Y ) v A a 9 = A [
dwan wldmsazaeld duniaiannzoungiiieos 25 esrusaiFod) Wonmsiauuy
o Jd . 1 09/ o o J (a A aa
1FunsnFuras (fraction cell) lahnduasldluunsnFuadsinasdszuna 20 dadans
o 9 A a s A o oA A @ Y Y 1 A
Widniodinziivediumnaigiu asdeumimiodiala lnsdes ifoymaoulalsing
a a a a Aaa v d A 4
Mlamsazaremnaulsung 05 Haaaas adllluusasuad Wanseanruarsnielu
115993R TAVLIALAZNMTNTZDRIVDIUIADYNA TUANToYA
3.3.5 ﬁ’mgm?mm (morphology) UBIDUNIA
a 3 ] ]
N13ANEIA18NA099aNTIAUDIANATOUNLDADIHIY (Transmission

Y v
electron microscope %130 TEM) Tagiiunnaudauilsazareluiinau 14nszaimnsoy



61

=

a [ a . Qy yq ¥ Y a 9 o
AFAZAWINNAULAL AIUULNUNTANDUAT (copper grid) 11919 N TRuRaRgngiives il
' Y Y Ja g [ [l
M1o31Ud18nA0I9a NI IAUBIANATOUID DT DINI
Ja a3 1
MIANHIAIINADIYANITIAUDIANATOULDUADINTIA (scanning electron
o a A 1 ] 4
microscope %30 SEM) Tagtiunnauanasuuniunoundoinsinszuonduduguinaig
Uszana 1 wudwas dudunioundeuguanmmaenldasunaaminlunsndon nd
S o 4 A i
AAILIEAT 1IN I INAINADIYANTTANIDIANATO UL DINTIA
4
MSANIAIONADIANTIANULLUTIOZADN (atomic force microscope
Y i
¥3i0 AFM) Tagiiunnauazaiealeiinau veaasuuunu'luni (mica) An¥1dNHULOYNIN
Y v L4
MolandoaganssmiuuII0zaoN
Y 9 [
3.3.6 anvazany luyeuiih (hydrophobicity) laedadnyaizau luseuiing
Q' dgl 9 d’d té = A 1 gJ 1 9 oy o'/ 4‘?
muiuTagldasninnuainnasdaiiduia lureuii liawnsoazate1dlnihnaudelu
= Oy I . aa = A v v & &
msanei g ludiza (nile red) MMagou ATMIAnIABAZA1IBTITIIEINS OUA DN Y
@ 1 a ] [ @ J a 4
uazaIsAI01MNAY weuInY JaninsanudslagldmlnInsWgeols I Tnlnes

v 4
(spectrofluorophotometer) 1FsutfsuisyaINIsImasnIaldserinaasaadumnaunay

Ao gl o [~ @ dy
LWﬂG]‘Llﬂ@I,L‘]JijﬂflﬁlﬂﬂﬁuWﬁuﬁ'lﬁ’ﬂ’)&!,ﬁﬂ!,ﬂuﬁﬁﬁ%‘,ﬁﬁlﬂﬁﬂﬂlﬂﬂﬂi%ﬁﬂTﬁﬁﬂﬁ‘ﬂﬂﬁﬂ”ﬂﬂ\iu

Spectrum type : Emission
Excited scanning range 2300 — 900 nm
Emission scanning range :550 - 700 nm
Scan speed : medium
Ordinate upper : 1,000

lower :0

3.3.7 anuadgsveannauaanils Tagiinsnadouanuiadesveunnay
<] { a @ 1< a o a
TuannzinuiguugiidewazAnianuaiesveuiusze lud lunnaudaudls Taen13 1433
a a J 4 a % o qul
sususaannInsaIntladayiSosnsmanesvveannaudaamlsSoufiounuasadu
AR
Aad ~ 9 a 4 @ L4 a A [
agdasmisnlylunmsiguiiendnvalveunnaundiunisaanlls
a [ aa 1 a o A
Taseardamani MsAnyIMINASUATN3015ENINNOANOS HAZNATDUAVTANIINIGAIN

HAZMIUATNITNIN AIAI519N 8



62

~ an A 9 a 4 @ d KR a o an A
A1TWN 8 ’ﬁ'a:‘l]'J‘ﬁﬂWiT]Gl“IfﬁluﬂWinzﬂulﬂﬂaﬂHﬂl ANEINITNADUATNIYASNATDUTUUANI

MENINLAZNIUATNIENTNYDI DOC-NH(CH,),NH, tazimnaudanaiils

ad =2
I5NITANHYN

159719814

DOC-NH(CH,),NH,

nAUAALS

sursusamnInsalntlydanisosnsuanosuy

(Fourier transform infrared spectroscopy; FT-IR) V4 V4
adaa 4 = a a =
AsaviesiswiNeagunuNILAADTINNNS
(Differential scanning calorimetry; DSC) v v
a a 4 a
anlnInsaTndwiialdsaoutiundesuunuan
4
15 LU (Proton nuclear magnetic resonance
spectroscopy; '"HNMR) v v
= a J a a d a
ﬁlﬂJﬂiﬂiﬁiﬂﬂﬁuﬂﬂ1iﬂﬂuuimaEJ?LL?Jﬂ!Ll@]ﬂ
4

15 Tatiu U (Carbon nuclear magnetic resonance
spectroscopy; SCNMR ) v 27
Ansrzgirdiansaniwany lsfin mjwialos

4 ] 4 aa A J
NDIUASHYMTVINFANDATS ---

1 I J
nagoumaNuunIaa1g V4
A
Yaeing luihaen v
g ! =KX A
IAAULTIAIN V4
IAVUIALATMINILINLAIVDIDYN A v
Ia I 1 ]
ﬂé}'ﬂ\‘lﬂqﬁﬂiﬁﬁu@!aﬂﬂi@ullﬂﬂﬁﬂﬂﬂ’lu (Transmission
electron microscopy; TEM) --- v
Ja < 1
ﬂéjﬂﬂﬂaﬂiiﬁuﬂlaﬂﬁﬁﬂull‘ﬂ‘ﬂ'ﬁ’ﬂﬁﬂi"lﬂ (Scanning
electron microscope; SEM) — V4
9 Ja .
NADIYANTTIAUDIANATOULUULIIOTADNY (Atomic
force microscope; AFM) — v
v
Anwranvuzany liseuihlasisalnInsvgoes
a 4

15 Taditno3 (Spectrofluorophotometer) -—- v




UNN 4

a =<
watazensenaveImsany

(%) v a a d (Y] d

1. myaanlslassadrsveunnfiunazmsngaenanyalve s
a a a d
1.1 mam3suduieendIndasziilweiae lua (DOC-NH(CH,),NH,)
matnalnsemaailuduaeunismiey DOC-NH(CH,),NH, (1WA 50)
z a aan a A 9 £ J T Y a aan A 1 1
Tuapumsnalfnseuaiisuanlyd EDC Fudlumssrelinalgnsourendossninania
= = a an =\ o aan [ ] % o an
avond laanuazienan laeiiulays EDC TUhnlgasornunyiladdunsvendanveinsa
= = Aa a I v J a = = v U'dyd ~
avend InanuazinaiudisisduasiodaloTegFe Feasisduasiianuligeniaz
a aaa 1 A a an =\ an = Y A a
nadgnserae il we@menau laeiiululasnuveuenau lawiiuvzdmmuiioondiou
1 J o 4 v o S Y I Aa o 4 ]
Yoy ilsndueamesvosdsisiuas Imiluasnanima DOC-NH(CH,),NH, 1uniniy
] Y Y

msnaoe 18 loTwgiSededrsnane latiazarnir ladeansonenaisnaos ldvonTasazate

a o o 4 [ g’ M c?/‘ o o o
AsHaanaa uaae IsnesuiaiaAaaNmTaeihndunatn A HaIMITTMedazate

a o Jd

o P A o = 3@ o | 14 ]
Iﬂﬂﬁﬂﬂ’ﬂi\lﬂu1@515Na@ﬂﬂl"ﬂwﬂﬁ"lﬂ’ﬂﬁﬁﬂﬂmzlﬂulﬂaﬂ!ﬁﬂﬂ 'ﬁmmﬂuu‘nﬂw DOC-

¢ Y J

a a @ {3 aa @
NH(CH,),NH, v5gniaieaoaniilasulaniwillagldigmansmiluganusauazignin
A A v o 1 4 @ 1 Y a o 4
wasuiudiazatenauszrnhaumueanazaae lsvesulusasiaiu 1:9 1dwansmal
7 Y

DOC-NH(CH,),NH, gamenaimsilnuigniiesas 30 Taorimiin
[N o Y a 4 2 [ = ) 2
wasrunszuumsm ldasusgns lamsanvagasduinih linaaeuaniia

= 1 ~ 9 Yy @ a ad A 4 A
NIUAUDIYNTN W‘]J’Zﬂ?ﬂi‘ﬂUlﬂ’c’fﬂﬂ‘iﬂﬁ%ﬁWElulﬂﬂcluﬂﬂﬁgﬁﬁl’t)uﬂiEl‘Buﬂﬂﬁf]IinJill Lyo

¢ 1 =) a 1 Ql

A399ADVANNUITNTUDIA13AI0619 DOC-NH(CH,),NH, 1a835359a1av#2113 NNTnnn

A aa [ A A J J [ 1
ailuganwazigmamasuiilumsnanseninaumuoanaznas lsnosuludasidin
o o | Y o A A v A A T
1:9 WdsaledauazatealeigmamnaounnuNMsze lunisinaeuniiolsingwy
a a 4 dgl 1w A a @ ' . 4
pzii Twonae luagaliunaziiaoai lunsinaeuiveda15@10814 (retention factor, R) 14

E4
NNGATMIAUIVAI

A A A A g a
FTYSNNNATAADUNUINIINYAUTUAU (HUALUANT)

Rf=

A o A A A 9 a
38EJ$1/]N°I/]’J§]ﬂ1mﬂaE]mﬂTiNiﬂﬂﬂmiiJﬁu (L%uﬁm&ﬂi)

63



64

A o Ao Y ' o v Y '
l,ll’E)’L!TizEJZ‘V]N‘V]’JﬂUl@]%1ﬂ!LNui\‘iﬂLﬁ"lliﬂfnu’Jﬂ!ﬂ’JEJiIGIigllNﬁuWU’N

AR, V0INIARDRNTIAAN = (3.5/8.5)=0.41

f1 R, Y84 DOC-NH(CH,),NH, = (4.5/8.5) =0.53

(0]
)\ H _CHs
Hsc/\H N/\/\T/

CHj

deoxycholic acid
O-acylisourea Active Intermediate

HQN\/\NH2

ethylenediamine

[0}
J\ £_CH
3
H3C/\N N/\/\N/
H H |
CHj

N-deoxycholyl-aminoethyl amide (DOC-NH(CH,),NH,) isourea by-product

MNAN 50 TuaeumMsnalgnienluniswisy DOC-NH(CH,),NH

J

A = o z Y = = a A A d?’ A a o
IJJ’E')mFJ‘]Jﬂ‘]J’(:‘HiGNG]uﬂ‘iﬂﬂﬁ]ﬁ]ﬂ“ﬂiﬂaﬂllﬂW RfLWM@IQ"UHLH@QﬁﬂﬂﬁﬁWﬁ@Iﬂmm

=) I :/' =) 1 a a o 9 A ~ [

DOC-NH(CHz)zNH2 Nﬂ??lllfl]u"ll?aﬂﬁ\?ﬂWﬂﬂWiﬂJ‘l’iH@gﬂiuL@ﬂﬁﬂ'lslﬁﬁTiLﬂﬁ@u‘ﬂllﬂﬂU
¢ W yas a v NYg o Ay Yy 1 a A A
ﬂﬁ@TiW@ii]”l@ﬂ“l]ullﬁglﬂ@ﬂ1iﬂﬂ1')1u’)aﬂ1ﬂﬂﬂﬂ1ﬂu@FJ'GN LLAUINIPUAUAIUINNUY g‘]fﬂﬂﬂ\i“ﬂ

[



65

=\

I aa = 1 BZ 21 £ = ~ a A
Lﬂu“]iﬁfﬂllﬂ’ﬁvlﬂsluﬂh’!LﬁlﬂﬁTiLL“]J‘U@@]GIHJGIHJﬁiJ‘UGIﬂ’JWJJN‘U’JGINﬂ‘iﬂﬂE)E]ﬂGD'IﬂﬁﬂiJ

1 I ] Jd o J aa = qa/’ a o aa @ 1 aa
mu‘ﬂizﬂ’e)mﬂuﬁuvﬁaﬂ%uminaﬂmaﬂmmnmqamﬂaumﬂimﬂuﬁy,"lcﬁmu@aclumam

= =

o 1 aa YR v Y A A o &£ A
l!aggﬂ@'ﬂmﬂﬂullwumaﬂ1ulﬂﬂ%\?Lﬂa@umul,ﬂulﬂu@ﬂﬂj'lln’ﬂlﬂﬂﬂﬂﬂ DOC'NH(CHz)ZNH2 SN

' ' ]
o ' v A =

o o A Ay Ya = Y ! A o '
"]J'J@ﬂﬂ'ﬂlmxaga1EJTL!'J{]fnf"ll,ﬂa'E]‘L!‘VI]’lﬂﬂﬂ'JﬁNLﬂa@u‘ﬂ"l‘]J]lﬂllﬂaﬂfJ"l AINN 51 LFAINIDYN

]
[

[ 9 S o A A A
aﬂymzmi:muam181@1Nﬁeamﬂﬂ’ommmzizszﬂwwﬁmﬂaam/l

O 45 L

3 e

) [w)

O35 = =
-------- [ SEETTEEEY SSEEEPEES RN 2N

DOCA (DOC-NH(CH,),NH,)

(a) (b)

AN 51 MwaenrusIaEIAINLsINgIaInasdan 1 Teraaanuenau 352 urlu
NATHAZANIIUTIABIVUIALAZIZEZN NN A TAIDIIUAUN I VUIHUINNIAAIN;
(a) N3ARDONF IAAN (418) 118y DOC-NH(CH,),NH, (¥21) tag (b) nwilouiiana

VAL IZIENINAIAIRIuAUNI IuIgMAnIN

o 1 1 a 7 A
ﬂqﬂ'ﬂ']tlﬁﬂﬂiWﬂQﬂﬁQWHLLWH‘i\‘]ﬂL@ﬂIW'J‘]J'Nﬁ"]ﬂ?&f]mu@]ﬁWﬁﬂllﬂWﬂﬂiﬂ

a Yy Y 9 o 0 & o ' £ @ A 7 o Y
‘I/‘If]ﬂ“l/‘lf]iﬂﬂ’ﬂlllsllll"lluif)ﬁlag 85 Nauﬂuu1ﬂau°luam1mu 1:1 mgﬂuﬂamumawwmmu

Y
o A v A

7o ' { <
ATIININTAUIA Wmﬂﬂ‘wugmﬁmﬁumwuﬂmaﬂmfﬁauﬁ 100 @Qﬁ'l!clfalc?fflﬁ L‘]Junm 15 mﬁ
o 3 a A A 1 ) VoA o ] 9
ﬁ\‘l!ﬂﬁ!ﬁuﬂﬂﬁlﬂ]ﬂ?tﬁﬁ@ﬁﬂi?ﬂj‘]ﬂullwu 1!"IL!NI!‘VIWTHﬂTiWWUTLLagﬂUNTﬁﬂQﬂiu@‘ﬁaﬂﬂ]lw

uaadani1Towan



66

1.2 Mst¥eu DOC-NH(CH,),NH, 1fumnau
vyozd Tuddszue3 DOC-NH(CH,),NH, WUFouaonmnauigmniany
4 Aaa [ Y o 4 A a 1 Aaaa ~ ] I

nIAMITUONTANMIUMIASINNUEI0 lua MaFounaiulgnsounll Taserds EDC iluais

1 Y a Aaaa A 1 ' a ] o asx} =K o Ao ] I Y
%18 11InAlRATeN1YA1TUoNFATINAD NHS 900U Imsunuid e dimesaig

dyd 9 &£ < A & a o J o A Ao 1

DOC-NH(CH,),NH, asiifiawavniiailuelugazinanusze luadumnaund i

4 AaAa ~ 1 o w a Aaaa [ I [ ~ 1
asvendan lagliunuiingy NHS daumanalgasen Taedavhifluasnimi 52 Tusenig

a aaa a ) aaa = = 4 1 v o
fﬂilﬂﬂ‘]_]Qﬂiﬂ?LﬂﬂﬁTiWﬁ@ﬂqﬂi}1ﬂ‘]J§]ﬂiEﬂ ﬂﬂkli’ﬂ"]fﬁ,‘lljﬂ "]5\1?13618@@11811!@37]1@8618



67

(Ovad ‘seresnfuod pioe o1joyakx0ap-unoad) UpU| HLULRKBLUMUGBIRLILBUMINALBILLULRLUlL TS uMLY

===

“Upg ‘sseydsoune 2N ‘dwis) woos (9v04) $81E6MLI0D PIoE DIIOURAXOBP-ULDSY JoNPOl
‘ OH OH oH OH
(CHNHZHOIHN-00Q) epiwe |Aujsoule-|AjoyoAxosp-N OO o .
4 0, o/ o/ .
HN VAR o) 0 \ o
HO

(SHN) epluilons AXOIPAH-N

aleIpauLIBUI 181S8 SHN

1onpold-Aq eainos|
£HO

_ OH OH OH oH
H H
N N N OfH “0do HO HO
en HN - ~_ + %O 5 OKO 20 50
HO /N d . P d AN
’ Bod” "0 g 5" o Ho’ o

O N 0]

alaydsouwie 2N ‘dwsl wood

(SHN) eplilons AXOIPAH-N

O%O

HO

|ellalewW Mel Uload
S]EIPALISIU| SAIJOY BAINOSIADY-O
aJlaydsouwne ZN ‘UOIIPUOD [000

OH OH OH OH oz oz oz oz
, & HO H
@N\N o% OI/ON\N o%o/ 9%0%%N\No% o,
& ~ © N, N N N
oo o cy Fioo” o (A Bog’ Yo TGy o o0’ Yo 0o Yo
OFH

\ﬁ £ \Z/\
AN O*H
ey o>z N Iz+\ o \o
k _ N &
FHO o (n@3) spuojyoolpAy
aplwlpoqg.es {|Adoidoulwe|Ayiawip-¢)-g-1Auia- 1




68

a d [ 4 a (Y]
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M3NAN 9 FATIAIUAINTYANAUNAINA MWW 1,606 1Az 1,745 cm
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HMPDAC 8951834 1:0.5 0.707
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b) LMP-DOC-NH(CH,);NH,

physical mixture

(¢) LMPDAC, ratio 1:0.5
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(d) LMPDAC, ratio 1:1
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proton | multiplet | CDCI; | C.D, | CD,CN | CD,0OD D,0
solvent residual peak 7.26 7.16 1.94 3.31 4.79
H,0 s 1.56 0.40 2.13 4.87 -
acetic acid CH, s 2.10 1.55 1.96 1.99 2.08
acetone CH, s 2.17 1.55 2.08 2.15 2.22
acetonitrile CH, s 2.10 1.55 1.96 2.03 2.06
benzene CH s 7.36 7.15 7.37 7.33 -
chloroform CH s 7.26 6.15 7.58 7.90 -
cyclohexane CH, s 1.43 1.40 1.44 1.45 -
dichloromethane CH, s 5.30 4.27 5.44 5.49 -
dimethylformamide CH s 8.02 7.63 7.92 7.97 7.92
CH, S 2.96 2.36 2.89 2.99 3.01
CH, $ 2.88 1.86 277 2.86 2.85
dimethyl sulfoxide CH, s 2.62 1.68 2.50 2.65 2.71
ethanol CH, t,7 1.25 0.96 1.12 1.19 1.17
CH, q,7d 3.72 3.34 3.54 3.60 3.65
OH scd 1.32 - 2.47 - -
methanol CH, sh 3.49 3.07 3.28 3.34 3.34
OH sc,h 1.09 - 2.16 - -
pyridine CH(2) m 8.62 8.53 8.57 8.53 8.52
CH(3) m 7.29 6.66 7.33 7.44 7.45
CH(4) m 7.68 6.98 7.73 7.85 7.87
silicone grease CH, s 0.07 0.29 0.08 0.10 -
tetrahydrofuran CH, m 1.85 1.40 1.80 1.87 1.88
CH,O m 3.76 3.57 3.64 3.71 3.74
triethylamine CH, t,7 1.03 0.96 0.96 1.05 0.99
CH, q,7 2.53 2.40 2.45 2.58 2.57
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FHUANNAL
N HMP LMP HMPDAC LMPDAC HMPDAC | LMPDAC
ratio 1:0.5% | ratio 1:0.5 ratio 1:1 ratio 1:1
1 3.21 63.67 10.74 71.36 1.37 52.41
2 3.92 58.25 10.96 76.12 3.62 45.80
3 3.28 47.77 9.63 67.51 2.92 58.27
4 3.62 54.74 / 71.11 3.70 27.16
5 3.84 51.96 / 68.06 2.45 24.54
6 4.08 56.70 / 85.14 2.95 29.94
ﬂ'uﬂa‘ﬂ 3.66 55.51 10.44 73.22 2.83 39.69
Audoauy
U1INTIU 0.35 5.45 0.72 6.60 0.86 14.32

*n=3 (39108191511 08)

A v = a a 1
AT WN 21 ﬁﬂEJhl‘I/\I‘NTWWTGIJGQLWﬂ@]uGHl!ﬂ@N"] (n=4)

FHANNAY mdnd Irlihdan mv)
HMP -21.64 £ 0.63
LMP -39.59 £ 0.60
HMPDAC ratio 1:0.5 -23.10 £0.50
LMPDAC ratio 1:0.5 -32.41 £0.29
HMPDAC ratio 1:1 -43.57 +£0.86
LMPDAC ratio 1:1 -54.23 +1.09




{ 3 J a a J
715199 22 ANUDUNTAANVBAUNNAUTHAAIIY (n=4)

FUANNAU manuilunsaaig
HMP 3.11+0.01
LMP 3.59+0.01
HMPDAC ratio 1:0.5 3.78 + 0.03
LMPDAC ratio 1:0.5 3.81+0.02
HMPDAC ratio 1:1 4.71+0.01
LMPDAC ratio 1:1 5.14 +0.04

{ 9y @ [l J Y J
G]'liNﬁ 23 ﬂ')'liJlfUilﬂ?i’)'l’)LLﬁ'\ﬂlE]\‘lﬁ'?ﬁﬂ'J@ﬁl'l\iﬂE]‘L!Wﬁllﬂ‘]_lhlualjﬂ
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ﬂ'ﬂilleﬁ}llﬂ'ﬁ'njllﬁ\‘]

Wavelength (nm) ﬁy”lﬂgu HMP HMPDAC LMP LMPDAC
550 168.693 1014.941 1014.941 1014.941 1014.941
560 11.506 1013.345 741.242 225.764 1014.941
570 1.352 69.772 60.76 20.486 275.897
580 0.945 36.779 35.252 12.436 193.065
590 1.664 26.393 25.663 9.585 128.806
610 2.102 24.157 21.267 9.291 93.445
620 0.852 23.283 19.537 8.842 76.657
640 0.624 22.512 17.813 9.581 62.104
650 0.556 21.179 16.517 9.891 58.449
670 0.523 17.921 14319 10.505 46.604
680 0.417 15.978 12.966 10.255 41.356
700 0.314 11.537 9.551 8.810 30.565
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ﬂ'JnJL‘lsl}‘JJﬂ']ﬁ'JTJLLﬁ\‘I

Wavelength (nm) ﬁymﬁu HMP HMPDAC LMP LMPDAC
550 1014.941 1014.941 1014.941 1014.941 1014.941
560 293.259 816.566 781.941 1009.263 957.387
570 39.369 150.980 202.231 172.891 412.651
580 36.314 154.216 257.909 201.443 502.719
590 42.350 168.810 339.039 258.846 602.144
610 48.210 184.895 425.661 316.665 680.415
620 45.839 168.740 366.540 267.534 583.734
640 35.21 114.801 203.342 143.961 322.725
650 27.834 87.353 135.444 94.749 210.953
670 17.769 53.317 61.357 41.606 93.673
630 14.373 41.329 42.859 28.885 65.593
700 9.113 25.718 21.765 15.180 34.552
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